The conditions for the pseudospin symmetry hidden in the Dirac equation are found for the case of the deformed potential both from the large and small components of the Dirac wave function. The numerical analysis based on the relativistic mean-field theory is carried out for 154 Sm. It is confirmed that the conditions found from the large component of the Dirac wave function work better than those from the small component wave function.
Introduction
Recently, there appeared many works with the purpose to find the roots of the pseudospin concept 1, 2) to the relativistic mean-field equation. [3] [4] [5] [6] By extending Ginocchio's method, 3) we found the more general and realistic condition for the pseudospin approximation in the lower component of Dirac wave function in the spherical potential. Then, we extended our theory to the deformed case with an axially symmetric potential.
6) The pseudospin concept in the deformed nuclei is as follows: The single-particle levels with jz = Ω = z + 1/2, and jz = Ω + 1 = z + 2 − 1/2 lie very close in energy, and these two levels are labeled as jz =˜ z ∓ 1/2 with˜ z = z + 1. In this paper, we test the conditions for the pseudospin symmetry in the deformed potential found in our last paper 6) by using the relativistic mean-field program 7) with the realistic parameter for 154 Sm. We found that the conditions found in the large component of Dirac wave function work much better than those in the small component wave function, which is in contrast to the shperical case.
Theory
The Dirac equation for a nucleon with mass M and eigenvalue is
where α and β are the Dirac matrices, and VV ( r) and VS( r) are vector and scalar potentials. The eigenfunction ψ( r) has two components, i.e., upper (large) component g and lower (small) component f . We extend now our discussion to the deformed case with axially symmetric shape. We use the cylindrical coordinates (r, ϕ, z) to solve the Dirac equation. Each of g and f in ψ( r) has two components,
Here g Ω ± and f Ω ± are functions of r and z, and χ± corresponds to the spin wave function with sz = ±1/2. Inserting Eq. (2) into Eq. (1), we get the coupled equations:
where
The coupled equations for g 
As we commented in the Introduction, the levels labeled 
whereΩ = Ω + 1/2 which corresponds to˜ z . Under the condition of Eq. (6) pseudospin symmetry becomes exact and under the condition of Eq. (7) pseudospin becomes approximately good. Both conditions are simple extensions of those in the spherical potential to the deformed case.
Similarly, we can also get conditions for the pseudospin symmetry from the coupled equations for g± in Eq. (5).
Again Eq. (8) is the exact condition and Eq. (9) is the approximate condition. In the spherical case, the equations for the small amplitudes and the large amplitudes were not symmetric. 4, 5) However, in the deformed case, the coupled equations for g± and f± are related by exchanging V1 by V2 and vice versa. This may correspond to the fact that the pseudospin symmetry becomes better with increasing deformation of the non-relativistic Nilsson potential.
Numerical calculation
We have performed the numerical analysis for 154 Sm by using the relativistic mean-field program developed by Ring's group.
7) The program code is on the relativistic Hartree plus BCS approximation for the deformed nuclei. We adopted the NLSH parameter set, which gives the average binding At first we show the large and small components of the wave functions as a function of r at z = 1 fm in Fig. 2 In Fig. 4 we compare the second condition in Eq. (9) . We see the conditions are satisfied much better than in Fig. 3 . As for the lvel of [400]1/2, it is completely satisfied asΩ − 1 = 0.
As for the conditions in Eq. (7), V1 diverges around E V , and so we must multiply both sides of the condition by V1, and moreover we multiply both sides by the wave functions as they give oscillations around the nuclear surface. This treatment is similar to the case for the spherical potential. 4, 5) We show the numerical results in Figs. 5 and 6. In Fig. 5 we compare |∂V1/∂rΩ/r (f
There still remains the region where the lefthand side is over the righthand side, although its contribution to the total amount is small. We chose the value of z = 1 fm which is the most crucial point for the comparison, as for the other value of z the conditions in Eq. (7) are satisfied much better.
In Fig. 6 we compare the scond equation in Eq. (7) 2 |. Similar to the case of Eq. (9), the condition in the z derivative is satisfied much more than the condition in the r derivative.
If we multiply both sides of the conditions given in Eq. (9) by the wave functions as we did for Eq. (7), then those in Eq. (9) are completely satisfied. This means the conditions derived from the large component of the Dirac wave function are satisfied much more than those from the small component. It is the first observation that the pseudospin symmetry is hidden in the large component of the Dirac wave function. It is very important that the upper component has the hidden symmetry of the pseudospin approximation, as the upper component is dominant when we go back to the non-relativistic treatment. Probably even in the spherical potential, the large component has the pseudospin symmetry, and it should be checked numerically in our next work.
Conclusion
We found the conditions for the hidden pseudospin symmetry in deformed nuclei for the first time, by applying similar techniques used for spherical potentials. This hidden sym-metry is inherent in the original Dirac equation. We found two conditions: The conditions in Eqs. (6) and (8) give the exact pseudospin symmetry, but they are not always satisfied in real nuclei, but Eqs. (7) and (9) are more plausible and applicable to real nuclei. In the case of 154 Sm, we have confirmed Eqs.(7) and (9) by the numerical analysis. In contrast to the spherical nuclei, [3] [4] [5] Eq. (9) which is found for the large component of the wave function works much better than Eq. (7) found from the small component of the wave function. This supports the large component of the Dirac wave function, which plays a main role in the non-relativistic limit, has the pseudospin symmetry.
